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Figure l-1. --Flow diagram of the hydrologic system, Nassau and Suffo Lk 
Counties, Long Is Land, New York, under predevelopment conditions. 
(From Franke and McClymonds, 1972, fig. 13.) . 
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Figure l-2. --Flow diagram of the hydrologic system, Nassau and SuffoLk 
Counties, Long Island, New York, after noticeab Le inf Luence from 
human activities. (From Franke and McCLymonds, 1972, fig. 33.) 
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The relation between heads at the water table and heads in adjacent wells 
whose screened intervals lie at some depth below the water table depends on 
the position of the observation-well pair in the associated ground-water 
system. A general interpretation of the head relations depicted in figure 1-7 
must wait for a more comprehensive discussion of ground-water systems in 
Section (3) of this course. The purpose of presenting figure 1-7 at this time 
is to emphasize that, in general, hydraulic head in ground-water systems 
varies not only with geographic location but also with depth. 

Exercise (l-4) --Hydraulic Head 

The purpose of this exercise is to provide practice in differentiating 
between the two components of head--pressure head and elevation head. The 
elevation head at a point in a ground-water system is arbitrary in that it 
depends on the altitude of an arbitrary datum. Sea level generally is used as 
head datum, the same datum used for land-surface topographic maps. However, 
the pressure head at a given point and a given time is not arbitrary, but is a 
physical quantity that can be measured directly. It is directly proportional 
to the height of the fluid column above the point of pressure measurement in a 
piezometer or observation well. 

The data below are available for three closely spaced (in map view) 
observation wells with short well screens. 

(1) Determine the missing entries in table 1-2. 

(2) Make a careful sketch of each observation well on the accompanying 
worksheet (fig. l-8). Plot and designate on each sketch the pressure 
head, elevation head, and total hydraulic head. 

Table l-2. --Head data for three closely spaced observation wells 

Altitude of 
water-level 

Land-surface Depth of top of surface in 
altitude screen below Depth to well' Pressure head 

(feet above land surface water (feet above (P/7) Elevation head (z) 
Weli sea level) (feet) (feet) sea level) (feet) (feet) 

1 50 25 15 

2 45 90 9 

3 51 350 13 

' Altitude of water-level surface in observation well equals hydraulic 

head at point of pressure measurement of observation well. 
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Figure 1-8. --Worksheet for head exercise. 

24 



HEAD. IN FEET ABOVE DATUM 
i0 

PLAN VIEW 

110 

(A) 

110 
100 

90 
l B 

70 

(B) 

12ooo1 
FEET 

-9G- 
(C) 

HEAD CONTOUR 

l C REFERENCE POINT 

Figure l-10. --Maps of ground-water head illustrating three different contour 
patterns. 
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1 

Figwe l-11. --Worksheet for the “three-point” head-gradient problem. 
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EXPLANATION 

-ZO--- WATER-TABLE CONTOUR -- Shows altitude of water table. 
Contour Interval 10 feet. Datum is sea level 

0 4’ LOCATION OF START OF FLOW OF STREAM -- Number IS 
altitude of stream. m feet above sea level 

A2 LOCATION AND NUMBER OF STREAM DISCHARGE 
MEASUREMENT POINT 

Figure l-12. --Hypothetical water-table map of an area underlain by permeable 
deposits in a humid c Limate. 
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Figure l-13. --Head measurements near Connetquot Brook, Long Island, New York, 
during a 3-day period in October 1978. (Modified from Prince 
and others, 1988, fig. 10.) 
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Figure 8-l . --Sketch of laboratory seepage system. 

Table 2-l. --Data from hypothetical experiments with the Laboratory seepage 
system 

Test 
number 

1 

Q' 
(cubic feet 
per day) 

2.2 

Ah 
(feet), 

0.11 

Oh/l 
QIA 

(feet/day) 

2 3.3 . 17 

3 4.6 .23 

4 5.4 .26 

5 6.7 .34 

6 7.3 .38 

7 7.9 .40 

1 Q is steady flow through sand prism, Ah is head difference between 
two piezometers; 1 is distance between two piezometers; A is constant 
cross-sectional area of sand prism (fig. 2-1). 
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MODEL THROUGHFLOW 
(Q) IN FEET PER DAY MODEL CROSS-SECTIONAL AREA A 

Figure B-2. -- Worksheet for plotting data from hypothetical experiments with 
the Laboratory seepage system. 
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Figure 2-3. --Examples of ground-water flow fields depicted by velocity vectors 
at selected points: (A) and (B) are one-dimensional flow fields; 
(C) and (0) are two-dimensional f Low f ie Ids. 
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Figure 3-2. --Hydrogeologic framework of hypothetical ground-water system: (A) 
plan view, (B) north-south'trending section, (C) east-west 
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Figure S-7. --North-south-trending hydrogeologic section showing heads obtained 
during synoptic measurement of water levels in observation wells. 
(Locatidn of section A-A' is shown in fig. 3-2.) 
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Figure 9-12. --North-south-trending hydrogeologic section showing measured 
heads in response to steady pumping. (Location of section h-A' 
is showz in fig. S-2.) 
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Exercise (3-2)--Flow Net Beneath an Impermeable Wall 

A cross section of a ground-water flow system neaz a partially penetrating 
impermeable wall is shown in figure 3-19. This section depicts a 
two-dimensional flow field. Flow is assumed to occur only in the plane of the 
figure; that is, there is no flow perpendicular to the plane of the figure. 
The flow field has unit thickness--that is, the thickness of the flow system 
perpendicular to the page is 1 ft. The wall is impermeable, as are the bottom 
and lateral boundaries. The "top" of the ground-water flow system to the left 
of the impermeable wall lies 5 ft beneath a standing body of water whose 
surface elevation remains constant at 55 ft above the impermeable bottom 
boundary (datum). To the right of the impermeable wall the surface of the 
aquifer material is at an elevation of 25 ft above datum; ground water 
discharges at this surface to nearby surface drains and by evaporation. The 
earth material near the impermeable wall is fine sand, which is assumed to be 
isotropic and homogeneous. 

IMPERMEABLE WALL 

DATUM t-105 FEET--, 

FEET 

EXPLANATION 

S, T, U. V, W. X. Y. Z POINTS ON BOUNDARY OF FLOW 
DOMAIN 

Z=O ELEVATION HEAD, H FEET 

- SURFACE OF STATIC WATER 
UNDER ATMOSPHERIC PRESSURE 

7 ,,,,,,,,, ;/ ,,,, IMPERMEABLE EARTH MATERIAL 

Figure J-19. --Vertical section through a ground-water flow system near a 
partial Ly penetrating ampermeab Le wall. 
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Table 3-4 .--Format for calculation of stream functions in impermeable wall 
problem (Daze 1 of 2). 

[For locations of numbered blocks, traverse DE, and plotting 
positions for stream functions pl, p2, . . . . see figure 2; 
Cblock is hydraulic conductance of discretized block which 
equals KA/L, where K = hydraulic conductivity of earth 
material in block, A = cross-sectional area of block 
perpendicular to direction of ground-water flow, and L = 
length of block; h, and b are head values at nodes located at 
ends of block; Ah = h, - h; qblock = flow through a single 
block; Cqblock = flow in a numbered block plus the flows 
through all lower-numbered blocks (cumulative sum of block 
flows in traverse); Qtotal = total flow through the ground- 
water system beneath the impermeable wall; ft= feet; ft2 = 
square feet; fta = cubic feet; g = stream function] 



Tabie 3-4.--Format for calculation of stream functions in imuermeable wall 

problem (Daee 2 of 2). 

BLOCK 
NUMBER 

‘block= 
KAlL 

(ft2/day) 

hl 

(ft) 

h2 

(ft) 

Qblock= x Qblock 9= Ah 
block 

CAh ZQ 
(ft) (ft3/day) (ft31*ay) block 

Q total 
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Figure 9-35. -- (A) Heads in the stressed aquifer determined by numerical 
simulation when the pumping rate of the well is 3.1 cubic feet 
per second. (B) Graph for plotting head profile using data from 
(4 . 125 
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Table 4-3. --Format for calculation of drawdovns at specified distances from 
the pumping well 

Ire is distance from pumping well at which drawdown is 
negligible; rl is distance from pumping well at which drawdown 
equals sl; ~7 is natural logarithm; Q is pumping rate of well; 
T Is transmissivity of aquifer] 

-Q 
Preliminary calculation: --- = constant = 

2l7T 

I r1 (FEET) 
I 

Jn(rehl) 
I 

S1 (FEET)= -2&& ,l.~ (r,/r,) 

I 250 I I I 
I 500 I I 1 

707 

1000 

1118 

1414 

154 



\ 

Table 4-4. --Format for calculation of absolute heads ai specified 
reference points 

PREPUMPING FROM WELL HEAD-DRAWDOWN, 

V 

W 

X 

Y 

Z 

AA 

BB 

cc 
I 

DD 
0 

155 



156 



9 ‘, ,,‘/. r I,.’ . -1, ; I x,,.::,, ;,,., x ‘_,I ,-‘,:,/.. ‘,,*‘,, 
‘, ._ _’ ;, (,/ * / s’,“,; ..,,. 1, .if, , ‘:. 5 ,;. , :;<.a, ,~ ,CM (D .,&’ I’ 

, ,_, 0 h In N 2 

Y 
s: N IA-J ZJ 2 z 

0 
II 
N 

167 



0 
Table 5-l. --Format for calculation of time of travel along selected flowlines 

in impermeab Le-wall problem (page 1 of 3) 

[h is head at a node or other point in flow system; L is distance 

between two points on a flowline at which head is known; Ah is 

difference in head between two points on a flowline; t is time of 

travel between two points on a flowline; Et is time of travel from 

inflow boundary to point on flowline] 

h 

(feet) 

L 

(feet) 

Ah 

(feet) 

169 

t (days) = 

6.67 x 1O-a Lz 
-------------- 

Ah 

Ct 

(days) 



Table 5-1 .--Format for calculation of time of travel along se Lected f Lowlines 
in impermeab Le-wall prob Lem (page 2 of 3) 

t (days) = 

h L Ah (’ 6.67 x 1O-3 L* Ct 
-------------- 

(feet) (feet) (feet) Ah (days) 
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Table 5-1. --Format for calculation of time of travel along selected f Lowlines 
impermeable-wall prob Lem (page 3 of 3) 

t (days) = 

h L Ah 6.67 x 1O-3 L2 Ct 
-------------- 

(' 1 zeet (feet) (feet) Ah (days) 

171 
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57 
-60 - 

f 
I I I 
0 1 KILOMETER t 

EXPLANATION 

-2o- WATER-TABLE CONTOUR -. Shows altitude of water table 
Contour interval 10 feet Datum is se’a level 

0 41 LOCATION OF START OF FLOW OF STREAM -. Number IS 
altitude of stream, in feet above sea level 

L52 LOCATION AND NUMBER OF STREAM DISCHARGE 
MEASUREMENT POINT 

Figwe 5-6. --Hypothetical water-table map of an area underlain by permeable 
deposits in a humid c Limate. 
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Table 5-2. --Format for calculating solute concentrations when the 
dispersion coefficient D = 10 square feet per day and 
the e Lapsed time t = 1,000 days 

[ft2/d, square feet per day; mg/L, milligrams per liter] 

CO L - vt 
Formula for calculations: C = -- erfc ( 

------ 
2 2G 

> where 

C = concentration of solute at point in plume at specified time, 
in mg/L 

CO = solute concentration of source, in mg/L 
L = distance from source, in feet 
V = average linear velocity of ground water, in ft/d 
t = elapsed time since introduction of solute at source, in days 
D = dispersion coefficient, in ft2/d 
erfc = complementary error function (see text) 

Preliminary calculation: 

For 

L 
(feet) 

1,500 

1,600 

1,700 

1,800 

1,900 

2,000 

2,100 

2,200 

2,300 

2,400 

L-2,000 L-2,000 1 L-2,000 

------- erfc ( -----em 1 C = 
200 200 

50 mg/L erfc(-------) 
200 

' erfc(-x) = 1 + erf(x). 
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Table 5-3. --Format for calculating solute concentrations when the 
dispersion coefficient D = 100 square feet per day and 
the elapsed time t = 1,000 days 

[ft2/d, feet squared per day; mg/L, milligrams per liter] 

(4 L - vt 
Formula for calculations: C = -- erfc ( ------ where 1 

2 2Az 

c .= concentration of solute at point in plume at specified time, 
in mg/L 

c, = solute concentration of source, in mg/L 
L = distance from source, in feet 
v = average linear velocity of ground water, in ft/d 
t = elapsed time since introduction of solute at source, in days 
D = dispersion coefficient, in ft2 /d 
erfc = complementary error function (see text) 

Preliminary calculation: 

For D = 100 ft2/d, (";;i', = 

------- ----mm- C = 50 mg/L erfc -_--e-e 

2,250 

2,500 

2,750 - 

3,000 
L 

l erfc(-x) = 1 + erf(x). 
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